Neuropeptide Y (NPY), a 36-amino acid polypeptide, is a member of the pancreatic polypeptide family, which consists of NPY, peptide YY (PYY) and pancreatic polypeptide (PP). The neuropeptide Y (NPY) receptors called Y receptors belongs to G-protein coupled that are involved in a variety of physiological functions such as appetite regulation, circadian rhythm and anxiety. Five receptor subtypes have been cloned in mammals (Y1, Y2, Y4, Y5, and Y6) of which four are functional. In this short review, information about the functional NYP receptors was analyzed. Sequence analyses were done between these receptors to identify the relationships between them. Phylogram was generated between these receptors to identify the close homologue between these receptors. Our sequence analyses found that Y1 and Y4 receptors are close than the other receptors. Further structure based analysis could be useful to identify subtype selective antagonists and dual antagonists targeting Y1 and Y4 receptors.
Introduction
To date, neuropeptide Y (NPY) has been the subject of over 10,000 research papers identifying its numerous roles in the body that include, among other things, the control of feeding behavior, cortical neural activity, heart activity and emotional regulation. Interestingly, NPY has also been implicated in several human diseases including obesity, alcoholism and depression, each of which might be considered to have behavioral or psychiatric components. Neuropeptide Y (NPY), a 36-amino acid polypeptide, is a member of the pancreatic polypeptide family, which consists of NPY, peptide YY (PYY) and pancreatic polypeptide (PP) [1, 2] . NPY is highly concentrated in the hypothalamus [3, 4] and is a potent stimulator of food intake via NPY receptors, which belong to a family of G protein-coupled receptors [5] [6] [7] [8] [9] . Neuropeptide Y and its receptors are expressed throughout the body. In the central nervous system, they are located in many brain regions and in the spinal cord. In the periphery, NPY is notably located in the sympathetic nervous system, where it acts with nor epinephrine and adenosine triphosphate (ATP) to regulate cardiovascular and other functions. More recent findings suggest that NPY may even be involved in sweet and umami taste sensation [10] . Heterogeneity among NPY receptors was first proposed based on studies of sympathetic neuroeffector junctions, in which differential NPY signaling pharmacology was observed [11] . To date, five distinct types of NPY receptors, Y1, Y2, Y4, Y5 and Y6, have been cloned [12] . Of which, Y1, Y2, Y4 and Y5 receptors have been grouped into the same family due to the fact that they all bind NPY. All NPY receptors are G protein-coupled receptors ( Fig. 1 ) and activation by NPY primarily results in decreased cyclic adenosine monophosphate (cAMP) production in the cell. Activation of the G protein complex by NPY can also lead to depressed Ca 2+ channel and enhanced G protein coupled inwardly rectifying potassium channel (GIRK) currents [13] . In this review we analyzed the relationship between the Neuropeptide Y receptors which are activated by the closely related peptide hormones neuropeptide Y, peptide YY and pancreatic polypeptide. The complete information about each NPY receptors was analyzed, which includes their sequential relationship between each others, sequential information about individual receptors, subtype agonists and subtype antagonists.
NPY Receptor
NPY receptors are a family of seven transmembrane G-protein coupled receptors, designated collectively as Y receptors that are expressed throughout the central and peripheral nervous systems where they mediate a variety of responses ranging from regulation of metabolism and food intake to regulation of neurotransmitter release in the vasculature and viscera [14] . The nomenclature reflects the large number of tyrosine (Y in the single letter code) present in their endogenous ligands, NPY, and the hormonal peptides, PYY and pancreatic polypeptide [15] . NPY, peptide YY and pancreatic polypeptide elicit their physiological effects by interacting with at least six distinct G protein-coupled receptors designated Y1, Y2, Y3, Y4, Y5 and Y6 [16] . With the exception of the NPY3 receptor, genes and/or cDNAs encoding each of these NPY receptors have been cloned. Among the cloned 5 subtypes Y1, Y2, Y4, Y5 and Y6, only four (Y1, Y2, Y4 and Y5) of them are functional in humans.
In contrast to other families of G protein-coupled receptors, the NPY receptors share only modest primary sequence homology (30-50%). In fact, some NPY receptors are structurally more related to G protein-coupled receptors outside of the NPY receptor family. The structural differences among NPY receptors is beneficial to drug discovery efforts since compounds with high affinity for a particular NPY receptor are less likely to interact with other NPY receptors. In addition to having distinct amino acid sequences, each of the NPY receptors is characterized by a unique pharmacological profile and distinct tissue localization.
The Neuropeptide Y1 Receptor
The neuropeptide Y1 receptor was first characterized during the study of vascular muscle contraction effects of NPY [17] . The NPY1 receptor was pharmacologically defined by its high affinity for NPY and [Pro34] -peptide YY and its low affinity for N-terminally truncated NPY analogues. In the human, NPY1 receptor is expressed in kidney, heart, lung, colon, testis, adrenal gland, placenta, bone marrow and vascular smooth muscle. The human Y1 receptor was the first to be cloned encoded by NPY1R gene and is well characterized among the subtypes of NPY receptors pharmaco- logically [18, 19] . This receptor subtype is stimulated by NPY and PYY. Using site-directed mutagenesis methods, the importance of certain acidic residues located in extracellular loops of the human Y1 receptor for NPY binding has been demonstrated [20] . The amino acid sequence of human NPY1 receptor is in UNIPROT database with the accession number P25929 and it composed of 384 residues. Neuropeptide Y and Peptide YY are reported agonists for this receptor. BVD-10, GR-231 and GR-118 are peptide based antagonists, whereas BIBO-3304, BIBP-3226, PD-160 and PD-170 are non peptide antagonists of NYP1 receptor.
The Neuropeptide Y2 Receptor
The neuropeptide Y2 receptor was also identified in early pharmacological studies as the NPY receptor responsible for regulation of noradrenalin release from sympathetic nerve terminals [17] . The NPY2 receptor is pharmacologically unique in that it has high affinity for N-terminally truncated NPY analogues and low affinity for [Pro34] peptide YY. Peptide fragments have been detected endogenously, but their physiological significance has not been determined [21] . The majority of NPY receptors in the central nervous system are probably of the Y2 subtype, especially with high densities seen in the hippocampal formation [22, 23] . The human receptor was cloned independently by several research groups [24] [25] [26] . The amino acid sequence of human NPY2 receptor is deposited in UNIPROT database with the accession number P49146. This receptor is composed of 381 residues. Neuropeptide Y (endogenous agonist, non subtype selective), Neuropeptide Y fragment 13-36 (NPY 2 selective agonist), 2-Thiouridine 5'-triphosphate, Peptide YY and Peptide YY 3-36 fragment are the reported agonist for this receptor. BIIE-0246, JNJ 5207787 and SF 11 are the reported antagonists for this receptor.
The Neuropeptide Y4 Receptor
The neuropeptide Y4 receptor was initially identified by molecular cloning. This receptor is pharmacologically characterized by its high affinity for pancreatic polypeptide and its low affinity for NPY. As the Y4 receptor binds PP with higher affinity than it binds NPY and PYY and is thus regarded as the PP receptor rather than a NPY receptor. Like PP, the Y4 receptor is mainly found in the gut [27] , but binding sites for PP and Y4 mRNA have also been found in several rat brain regions, including hypothalamus and brainstem [28] , suggesting that PP may also have direct effects on brain function. Pancreatic polypeptide, Neuropeptide Y (endogenous agonist, non subtype selective), Peptide YY and GR-231,118 (mixed NPY 1 antagonist / NPY 4 agonist) are the reported agonists for this receptor, whereas UR-AK49 is the antagonist for this receptor. The protein sequence of this receptor is deposited in UNIPROT database with the accession number P50391 and it is composed of 375 residues.
The Neuropeptide Y5 Receptor
The neuropeptide Y5 receptor was also at first identified by molecular cloning [29] . The NPY5 receptor is pharmacologically distinguished by its high affinity for both N-terminally truncated analogues of NPY and [Pro34] peptide YY. In addition, the NPY5 receptor has high affinity for human pancreatic polypeptide, but much lower affinity for rat pancreatic polypeptide. NPY5 receptor mRNA is discretely localized in rat and human brain, primarily in piriform cortex, olfactory tubercle and hypothalamus [30] . NPY5 receptor binding sites have also been detected in these regions, although some groups fail to detect NPY5 receptor binding in hypothalamus [31] . When the Y5 receptor was cloned, comparison of the feeding effects of a wider range of agonists suggested that the Y5 rather than the Y1 receptor might be a better candidate [32] . Neuropeptide Y (endogenous agonist, non subtype selective), BWX-46 (selective NPY5 agonist) and Peptide YY are the reported agonists for this receptor. CGP-71683, FMS-586, L-152,804, Lu AA-33810, MK-0557 and NTNCB are the antagonists for Y5 and it is composed of 445 residues. The amino acid sequence is deposited in UNI-PROT with the accession number Q15761.
Sequence Analysis of Human Functional Neuropeptide Y Receptors
Sequence analysis between these NRY receptors Y1, Y2, Y4 and Y5 were done using ClustalW and the relationship between these receptors were analyzed sequentially. Phylogram was generated to analyze the phylogenetic relationship between these receptors. Our results found that Y1 and Y4 receptors shared more identity than others. It was identified that Y1 and Y2 shared an identity of 25%, whereas Y1 and Y4 shared the sequence identity of 41%. Similarly, Y1 and Y5 shared an identity of 25%. Moreover Y2 shared an identity of 28% with Y4 and 23% with Y5. In addition Y4 shared a sequence identity of 24% with Y5. Overall, our sequence analysis found that Y1 and Y4 receptor are found to be close. They share 41% identity and a similarity of 56%. Phylogram results confirmed that both Y1 and Y4 are closer than that of other functional human NPY receptors. The alignment obtained between these receptors is shown in Fig. 2 and the phylogram developed between these receptors with their distances is shown in Fig. 3 . 
Conclusion
In this review, human functional neuropeptide Y receptors were reviewed. The sequence accession numbers of each receptor in the UNIPROT database were mentioned for complete information about each receptor. The natural ligands (agonists) for each receptor were reported and moreover reported antagonists of each receptor were reported in this review. Sequence analyses were done for each receptor to analyze the relationships between them. Phylogram was developed to generate the phylogenetic relationship between these receptors.
